2 r-24.
Ig62. into the results. In all the experiments the effect on blood flow of changing the hemoglobin oxygen saturation was studied in one of the hind legs which was perfused through the femoral artery cannulated in the femoral trigone. The trachea was cannulated with a double lumen cuffed catheter that provided separate airways to the right and left lungs, then artificial respiration was begun. The right lung was respired with air to provide the animal's body with normally oxygenated blood, while the left lung was respired with varying ratios of oxygen and nitrogen to control the oxygen saturation of the blood used to perfuse the hind leg, as will be pointed out below. At this point, the spinal animals were given the spinal anesthesia. In both the spinal and nonspinal animals, the chest was opened between the left fourth and fifth ribs. The ribs were retracted, the left lung exposed, and the hilus of the upper lobe ligated and removed. The pulmonary vein of the lower lobe was cannulated as near to the heart as possible. Thus, all *the blood from the remaining left lung was diverted from the normal channel of the circulation and used to perfuse the dog's hind leg, as discussed above. Figure I shows a schematic diagram of the final experimental setup. Blood passed from the left pulmonary vein to a reservoir in which a constant volume of blood was maintained.
This blood was then used to perfuse one of the hind legs of the same dog. Blood was pumped u) from the reservoir through a Starling's resistor, to control perfusion pressure at exactly IOO mm Hg; b) through a Ludwig type stromuhr to measure blood flow, and c) through a heating coil to maintain constant temperature (37 C) which was monitored just before the blood entered the femoral artery of the perfused limb. Blood could also be directed through a side arm into a cuvette of a Waters-Conerly type oximeter, which measured hemoglobin oxygen saturation.
The Pcoz of the blood from the left lung was measured four or more times during the course of each experiment by using a Severinghaus Pcoz meter, and it was always kept within the normal range of [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] left carotid artery was cannulated to monitor arterial pressure.
RESULTS
Relationsh$ of hind leg blood jaw to hemoglobin oxygen saturation. In all experiments, the left lung was respired initially with oxygen to obtain a control blood flow through the hind leg at I oo % hemoglobin oxygen saturation. In I 3 of the dogs, after control flow was established, the amount of nitrogen respiring the lungs was slowly increased while the oxygen was decreased, until finally only nitrogen was being used. The hemoglobin oxygen saturation gradually decreased from I oo % to o % in the five nonspinal animals and to an average of IO % in the spinal animals. Flow, hemoglobin oxygen saturation, and PCO~ were measured 4-8 times during the change from pure oxygen to pure nitrogen. The flow in both the normal and the spinally anesthetized animals was found to increase steadily with the decrease in hemoglobin oxygen saturation, which effect is illustrated for a typical animal in Fig. 2 . The PcoZ remained essentially constant as pointed out above in the section On METHODS.
In one animal with spinal anesthesia the hemoglobin oxygen saturation was changed abruptly from IOO % down to several different lower saturations, returning to I oo % saturation between each successive determination. The results obtained by this procedure were almost identical with those obtained by the above method.
To summarize the results of 14 different experiments, the mean control blood flow at I oo % hemoglobin oxygen saturation for five nonspinal dogs was 22.9 cc/min and for nine spinal dogs was 44.9 cc/min. In the nonspinal animals ( Fig. 3 ) the blood flow increased to an average of 3.4 times normal as the saturation of the blood fell to o %. In the spinal animals the flow increased to 3. I times normal (Fig. 4) as the hemoglobin oxygen saturation decreased to I o %. As can be seen from Figs. 3 Calculation of total oxygen carried by arteri& blood to fissues. Changes in the amount of oxygen carried by the arterial blood to the tissues each minute can be calculated by multiplying the per cent hemoglobin saturation by the blood flow. As an example, the curve shown in Fig. 5 was obtained from the data shown in Fig. 2 . At a hemoglobin saturation of go % the oxygen carried Per minute in the arterial blood was gg % of the control value; at 60 % saturation, it was g3 % of the control value, etc. It can be seen, for instance, that even when the hemoglobin oxygen saturation was decreased to 30 %, the amount of oxygen carried in the arterial blood each minute was still 65 % of the control value.
The effectiveness of a control system can be depicted by the gain (or amplification) of the system. For instance, at a hemoglobin oxygen saturation of 60 %, the oxygen carried to the leg would have been 60 % of the control value if there had been no flow increase; actually, in the experiment illustrated in Fig. 5 , the oxygen carried per minute was g3 % of the control value. By dividing the initial degree of abnormality (40 %) minus the final degree of abnormality (7 %) by the final degree of abnormality (7 %) a gain of about 5 is found [(40 -7)/7 = 49&l.
The gains at other hemoglobin oxygen saturations are shown on the graph in Fig, 5 . Similar results were observed for the other experiments, the gains averaging about the same as those in this experiment but varying considerably at any single hemoglobin oxygen saturation level.
DISCUSSION
This study supports and extends previous studies by Crawford, Fairchild, and Guyton (2) 1 Our present experiments showed that oxygen lack continues to increase the blood flow down to hemoglobin oxygen saturations as low as o %, whereas in their experiments the oxygen saturation was carried only down to 30 %. Furthermore, the deoxygenated blood used in then studies was obtained from the right atrium so that it obviously contained excess carbon dioxide as well as lacking oxygen, and there could also have been possible venous vasodilator substances in the blood. In the present experiments, the carbon dioxide was exactly controlled, and the blood was arterial blood rather than venous blood even though it was deoxygenated.
Nevertheless, the results have been qualitatively and almost exactly quantitatively the same as those of the earlier studies. Krogh found in rabbit ears that a decrease in oxygen saturation, along with decreased carbon dioxide, produced marked vasodilatation (4); Rothlen found that the tonus of isolated rings from mammalian arteries is a simple function of the oxygen tension of the Ringer's solution in which they are suspended (I 6). Jalavisto et al . found that the incre tion of the gastrocnemius ase in blood flow after stimulamuscl .e is roughly proportional to the oxygen deficit of the venous blood during the worki.ng period (3) (27,, 28) ; therefore, these substances could be released from the tissues in response to oxygen lack and could cause vasodilatation.
However, the previous experiments by Crawford et al. (2) cast considerable doubt on all the theories involving vasodilator substances. In their experiments, mixed venous blood from the right heart always caused vasodilatation while the same blood after passage through the lungs caused immediate return of the vascular size to normal. If any vasodilator substance in the venous blood had been the cause of the vasodilatation, this substance would have had to be removed during its passage through the lungs. Though the lungs are known to remove serotonin, which is a vasoconstrictor substance, they have never been shown to remove any vasodilator substance, Therefore, there is much reason to believe that the increased blood flow observed in the present experiments resulted from simple lack of oxygen and not from the release of a vasodilator substance.
